
I, Kenji Kawabi of KAWABI & ASSOCIATES, 
Higashi-ikebukuro Orimoto Bldg., 6th floor, 9*7, Higashi-ikebukuro 
3-chome, Toshima-ku, Tokyo, Japan, do solemnly and sincerely declare 
that I am well acquainted with both the Japanese language and the 
English language and that the attached English translation of an 
officially certified copy of Japanese Patent Application No. H10294641 
is a true and correct translation to the best of my knowledge and belief 
from the Japanese language into the English language. 

Declared on this 7th day of September, 2006, in Tokyo, Japan. 




Patent application number H10-294641 



1/ 



[Document Name] 
[Reference Number] 
[Filing Date] 
[Submitted to] 



Patent Application 
98093 

October 1, 1998 
Commissioner, Patent Office 



[International Patent Classification] 



C08J 9/00 



[Title of the Invention] 
[Number of claims] 
[Inventor] 
[Address] 

[Name] 
[Inventor] 
[Address] 

[Name] 
[Inventor] 
[Address] 

[Name] 
[Inventor] 
[Address] 

[Name] 
[Inventor] 
[Address] 



MICROPOROUS POLYOLEFIN MEMBRANE 
3 

1-5-1502-232, Shiomidai, Isogo-ku, 
Yokohama-shi, Kanagawa, Japan 
Hidehiko FUNAOKA 

4-16-24, Okamura, Isogo-ku, 
Yokohama-shi, Kanagawa, Japan 
Kotaro TAKITA 

3-27-1-222, Baba, Tsurumi-ku, 
Yokohama-shi, Kanagawa, Japan 
Norimitsu KAIMAI 

3^27-1-342, Baba, Tsurumi-ku, 
Yokohama-shi, Kanagawa, japan 
Shigeaki KOBAYASHI 

3-29-10-404, Mihara, 
Asaka-shi, Saitama, Japan 
Koichi KONO 



[Name] 
[Applicant for patent] 

[Identification Number] 000221627 

[Name] TONEN CHEMICAL CORPORATION 

[Representative] Tadashi Yokokura 

[Agent] 



Patent application number H10294641 



2/ 



[Identification Number] 100106596 
[Address or Domicile] Kawabi & Associates 



HigashHkebukuro Orimoto Bldg., 6th floor 3"9*7, 
Higashrikebukuro, Toshima-ku, Tokyo 



Kenji Kawabi 
03 (5979) 7501 

Advance payment 



[Patent Attorney] 
[Name] 

[Phone Number] 

[Official Fee] 

[Method of payment] 
[Deposit Account Number] 052490 
[Payment] ¥21,000 

[List of Materials Submitted] 

[Material Name] Specification 
[Material Name] Drawings 
[Material Name] Abstract 

[Number of General Power of Attorney] 



l 

1 
1 

9700700 



Patent application number H10-294641 



1/ 



[Document Name] Specification 

[Title of the Invention] MICROPOROUS POLYOLEFIN MEMBRANE 
[Scope of Claims for Patent] 

[Claim l] A microporous polyolefin membrane, composed of (A) a polyolefin 
having a weight-average molecular weight of 5 x 10 5 or more or (B) a 
composition containing this polyolefin, wherein average pore size gradually 
decreases from at least one membrane surface towards its center. 
[Claim 2] A battery separator which uses the microporous polyolefin membrane 
according to Claim 1. 

[Claim 3] A battery which uses the microporous polyolefin membrane according 

to Claim 1 for its separator. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] 

This invention relates to a microporous membrane composed of an ultra- 
high-molecular-weight polyolefin, more particularly to a microporous polyolefin 
membrane of high permeability. 
[0002] 

[Prior Art] 

Microporous membranes are widely used in various applications such as 
battery separators (in particular, lithium ion type primary and secondary 
batteries), large-sized battery separators or electrolytic capacitor separators for 
electric cars or the like, various types of separation membranes (e.g., for water 
treatment, ultrafiltration, microfiltration and reverse osmosis), various types of 
filters, moisture-permeable and waterproof clothes and the base materials 
thereof, etc. 

Microporous polyolefin membranes are produced, e.g., by an extraction 
process comprising the steps of mixing a polyolefin with an organic solvent and 
inorganic powder such as finely powdered silica, melting and molding the 
mixture, and extracting the organic solvent and inorganic powder. This 
method needs a process of extracting the inorganic powder, and permeability of 
the membrane produced depends largely on particle size of the inorganic 
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powder used and is difficult to control. 
[0003] 

Recently, various processes have been proposed to produce high-strength, 
microporous membranes which contain an ultra-high-molecular-weight 
polyolefin. For example, Japanese Patent Laid-Open Nos. 60-242035, 61- 
195132, 61-195133, 63-39602, 63 273651, 3-64334, and 3 105851 disclose 
processes to produce microporous membranes by forming a gel-like sheet from 
a heated solution of a polyolefin composition containing an ultra-high- 
molecular-weight polyolefin dissolved in a solvent, stretching it while heating, 
and removing the solvent by extraction. These processes give the microporous 
polyolefin membranes characterized by a narrow pore size distribution and 
small pore size, which are used for battery separators or the like. 
[0004] 

Recently, lithium ion type secondary batteries are required to have a 
property of high energy density, and microporous membranes of polyolefin 
having a shut-down function are widely used for the battery separators, to 
meet the increasing demands for the batteries. However, for the special 
battery purposes, e.g., those requiring high output at low temperature, a 
microporous polyolefin membrane of small pore size may cause problems, e.g., 
increased inner resistance of the battery. Therefore, the microporous 
polyolefin membranes high in safety and ion permeability are in demand. It is 
also necessary to easily control size of the pores, both for those in the vicinity of 
the membrane surface and its inside. 
[0005] 

[Problems to be solved by the Invention] 

It is an object of the present invention to provide a microporous polyolefin 
membrane of high permeability and novel structure. 
[0006] 

[Means to Solve the Problems] 

The inventors of the present invention have found, after having 
extensively studied to solve the above problems, that a microporous polyolefin 
membrane having a pore size distribution in the thickness direction can be 
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produced by treating, with a hot solvent, the gel-like formed article or 
stretched product thereof obtained by extruding a solution of ultra-high- 
molecular-weight polyolefin or composition containing an ultra-high-molecular- 
weight polyolefin dissolved in a solvent, or the microporous membrane obtained 
by removing the solvent from the gel-like formed article or stretched product 
thereof, to reach the present invention. 

The present invention provides a microporous polyolefin membrane, 
composed of (A) a polyolefin having a weight-average molecular weight of 5 x 
10 5 or more or (B) a composition containing this polyolefin, wherein average 
pore size is gradually decreases from at least one membrane surface towards 
its center. 
[0007] 

Preferred embodiments of the present invention are shown below. 

(i) The microporous polyolefin membrane according to Claim 1, wherein each 
of the through- holes in said microporous polyolefin membrane has a large 
opening and a smaller size at the center. 

(ii) The microporous polyolefin membrane according to Claim 1, wherein each 
of the through-holes in said microporous polyolefin membrane has a large 
opening and tapers off towards the opposite side. 

(iii) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (ii) above, wherein the average pore size (a) in the area from the 
surface to a depth of d/16 (d- thickness of said membrane) is 0.05 to 50pm, and 
the average pore size (b) in the other area is 0.01 to 30pm, where the 
relationship (b) < (a) should hold. 

(iv) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (iii) above, wherein said polyolefin (A) has a weight-average 
molecular weight of 1 x 10 6 to 15 x 10 6 . 

(v) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (iv) above, wherein said polyolefin composition (B) is composed of an 
ultra-high-molecular-weight polyolefin having a weight-average molecular 
weight of 1 x 10 6 to 15 x 10 6 and a polyolefin having a weight-average 
molecular weight of 1 x 10 5 or more but less than 1 x 10 G . 
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(vi) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (v) above, wherein said polyolefin composition (B) contains an ultra- 
high-molecular-weight polyolefin having a weight-average molecular weight of 
7 x 10 5 or more at 1 weight % or more. 

(vii) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (vi) above, wherein said polyolefin (A) or polyolefin composition (B) 
has a weight-average molecular weight/number-average molecular weight ratio 
(Mw/Mn) of 300 or less. 

(viii) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (vii) above, wherein said polyolefin (A) or polyolefin composition (B) 
has a weight-average molecular weight/number-average molecular weight ratio 
(Mw/Mn) of 5 to 50. 

(ix) The microporous polyolefin membrane according to one of Claim 1 and 
items (i) to (viii) above, wherein said polyolefin (A) or polyolefin for said 
composition (B) is polypropylene or polyethylene. 

[0008] 

[Modes for Carrying out the Invention] 

The present invention is described below in detail. 
1. Polyolefin 

The polyolefin (A) for the microporous polyolefin membrane of the present 
invention has a weight-average molecular weight of 5 x 10 5 or more, preferably 
in a range from 1 x 10 6 to 15 x 10 6 . When the weight- average molecular 
weight is less than 5 x 10 5 , the membrane tends to suffer deteriorated strength. 

The polyolefin composition (B) contains at least 1 weight % of an ultra- 
high-molecular-weight polyolefin having a weight-average molecular weight of 
5 x 10 5 or more, preferably 7 x 10 5 or more, more preferably in a range from 1 x 
10 6 to 15 x 10 6 . When the ultra-high-molecular-weight polyolefin content is 
less than 1 weight %, the microporous polyolefin membrane of high strength 
may not be obtained, because of lack of the molecular chains of the ultra-high- 
molecular-weight polyolefin entwining with each other. Other polyolefins 
than the ultra-high-molecular-weight polyolefin in the polyolefin composition, 
i.e., those having a weight-average molecular weight of less than 5 x 10 5 , 
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preferably have a lower weight-average molecular weight limit of 1 x 10 4 . 
When a polyolefin having a weight-average molecular weight of less than 1 x 
10 4 is used, rupture is likely to take place in the membrane, failing to provide a 
desired microporous membrane. 
[0009] 

Examples of the above polyolefins include crystalline homopolymers, two- 
stage polymers or copolymers of ethylene, propylene, 1-butene, 4-methyl- 
pentene-1 or 1-hexene, or blends thereof. Preferable among them are 
polypropylene, polyethylene and compositions thereof. 
[0010] 

The above polyolefin or polyolefin composition has a molecular weight 
distribution (weight- average molecular weight/number-average molecular 
weight) of 300 or less, preferably 5 to 50. The molecular weight distribution of 
above 300 is undesirable, because the membrane comprising such a 
composition may suffer breakdown by the lower molecular weight components 
to lose its strength as a whole. When the polyolefin composition is used, it can 
be obtained by mixing an ultra-high-molecular-weight polyolefin having a 
weight-average molecular weight of 5 x 10 5 or more and a polyolefin having a 
weight-average molecular weight of less than 5 x 10 5 with each other in an 
adequate ratio to secure the molecular weight distribution to fall in the above 
range. The polyolefin composition may be the one produced by the multi-stage 
polymerization or containing two or more types of polyolefins, so long as it has 
a molecular weight and molecular weight distribution falling in the above 
ranges. 
[0011] 

Incidentally, the polyolefin composition containing the ultra-high- 
molecular-weight polyolefin component may be incorporated with various 
additives such as antioxidants, ultraviolet absorbers, antiblocking agents, 
pigments, dyes, inorganic fillers, etc., if required, within limits not harmful to 
the object of the present invention. 
[0012] 

2. Microporous polyolefin membrane 
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The microporous polyolefin membrane of the present invention has 
micropores whose average size is gradually decreased from at least one 
membrane surface towards its center, and has high permeability. For example, 
referring to Figure 1, which presents the transmission electron microgram 
(magnification^ 2,500) showing the sectional structure of the microporous 
polyolefin membrane, average size of the pores is larger in the vicinity of the 
membrane surface than in the vicinity of the center. 
[0013] 

Each of the through-holes in the microporous polyolefin membrane of the 
present invention may have a large opening and smaller size at the center, or 
have a large opening and tapers off towards the opposite side. 

The microporous polyolefin membrane of the present invention has a 
novel structure with a layer of smaller pores to sustain strength of the 
membrane, and larger openings in the vicinity of the surface to secure high 
permeability. 
[0014] 

When the membrane has a thickness of (d), the average pore size (a) in 
the area from the surface to a depth of d/16 is 0.05 to 50pm, preferably 1 to 
30pm, and the average pore size (b) in the other area is 0.01 to 30pm, 
preferably 0.03 to 2pm, where the relationship (b) < (a) should hold. 

The microporous polyolefin membrane of the present invention, 
characterized by the above structure, has an overall porosity of 35 to 95%, 
preferably 45 to 80%, and permeability of 5 to 500sec/100cc, preferably 5 to 
250sec/100cc. 
[0015] 

3. Method of producing the microporous polyolefin membrane 

The microporous polyolefin membrane of the present invention can be 
obtained by the method comprising the steps of extruding the solution of the 
above-described polyolefin or polyolefin composition dissolved in a solvent into 
a gel-like formed article, removing the solvent, with or without stretching, and 
drying the formed article, wherein a treatment step with a hot solvent is 
incorporated, as described earlier. 
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[0016] 

(l) Method of producing the microporous membrane 

In the method of the present invention as the basis for producing a 
microporous membrane, a solution is prepared by dissolving the above 
polyolefin or its composition in a solvent while heating. Examples of the 
solvents include aliphatic or cyclic hydrocarbons such as nonane, decane, 
decalin, p-xylene, undecane, dodecane, paraffin oils, etc., and fractions of 
mineral oils having boiling points substantially equal to those of the above 
hydrocarbons. These solvents have a viscosity of 30 to SOOcSt at 25 °C, 
preferably 50 to 200cSt. Uneven extrusion results when viscosity is below 
30cSt at 25°C, making it difficult to knead the solution, whereas the solvent is 
difficult to remove in the post treatment when viscosity is above 500cSt. 
[0017] 

Dissolution of the polyolefin or its composition while heating is carried 
out by stirring its solution at a temperature at which it is completely dissolved 
in the solvent, or uniformly mixing it and solvent with each other in an 
extruder. When the polyolefin or its composition is to be dissolved in the 
solvent with stirring, the dissolving temperature varies depending on the types 
of polymers and solvents used. It is in the range of 140 to 250°C in the case of 
polyethylene composition. It is preferable to effect the dissolution in an 
extruder, when a high-cdncentratioh solution of the polyolefin or its 
composition is used to produce a microporous membrane. 
[0018] 

When the dissolution is to be effected in an extruder, the polyolefin or its 
composition is first charged in the extruder to be molten, at a temperature 
preferably 30 to 100°C above melting point of the polyolefin, although varying 
depending on type of the polyolefin used. The melting point is described later. 
For example, it is 160 to 230°C, preferably 170 to 200°C, in the case of 
polyethylene, and 190 to 270 °C, preferably 190 to 250 °C, in the case of 
polypropylene. Then, a liquid solvent is added to the polyolefin or its 
composition in the middle of the extruder. 
[0019] 
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The concentration of the polyolefin or its composition is 10 to 50 weight % 
based on the total solution, preferably 10 to 30 weight %, or conversely the 
concentration of the solvent is 90 to 50 weight %, preferably 90 to 70 weight %. 
When the polyolefin or its composition concentration is less than 10 weight % 
(or the solvent concentration is more than 90 weight %), swelling and neck-in 
are likely to take place at the exit of a die in the process of forming sheets. 
Accordingly, it is difficult to keep good molding processability and self- 
supporting characteristics of the sheet produced. On the other hand, when 
the polyolefin or its composition concentration is more than 50 weight % (or the 
solvent concentration is less than 50 weight %), the sheet produced will suffer 
various problems, such as excessive shrinkage in the thickness direction, 
lowered porosity, and deteriorated molding processability. Accordingly, it is 
difficult to produce the microporous membrane having large pores. It is 
possible to control permeability of the membrane by changing the polyolefin or 
its composition concentration in the above range. 
[0020] 

Next, the heated solution of the molten and kneaded polyolefin or its 
composition is extruded through a die or the like, in such a way to secure the 
final membrane thickness of 5 to 250 jam, either directly or via another 
extruder. 

Usually used as a die is a sheet die having a rectangular orifice, but a 
double-pipe hollow die, an inflation die, etc. may be used. When the sheet die 
is used, a die gap is usually 0.1 to 5mm, and heated at 140 to 250°C in the 
extrusion process. In this case, a casting roll speed is usually 20-30cm/minute 
to 15m/minute. 
[0021] 

The solution extruded through the die is formed into a gel-like article by 
quenching. It is cooled to 90°C or below, preferably to 80 to 30°C, at a speed of 
at least 50°C/minute, by cooling the die or the gel-like sheet. As a method of 
cooling the gel-like sheet, direct contact with cooling air, cooling water or other 
cooling media, contact with a roll cooled by a coolant, etc. may be employed. 
Contact with a cooled roll is a preferable method. 
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The gel-like article produced will have a rough higher-order structure, 
and the pseudo-cell units that constitute the structure also become rough at an 
excessively low cooling speed, whereas dense cellar units result at a sufficiently 
high cooling speed. Decreasing cooling speed to below 50°C/ minute makes the 
gel structure close to that comprising individual bubbles, and increases its 
crystallization degree, making it difficult to remove the solvent. 
[0022] 

The cooling roll is preferably kept at 30°C to polyolefin crystallization 
temperature, preferably 40 to 90°C. When cooling roll temperature is 
excessively high, the gel-like sheet will be cooled slowly to sufficiently increase 
thickness of the walls defining the lamella structure of the polyolefin, of which 
the gel structure is composed, tending to make the micropores into the 
individual bubbles. As a result, the solvent becomes difficult to remove, and 
membrane permeability decreases. When it is excessively low, on the other 
hand, the gel-like sheet is quenched excessively rapidly. As a result, the gel 
structure is excessively densified, decreasing pore size and permeability. The 
gel-like sheet is withdrawn at 1 to 20m/minute, preferably 3 to lOm/minute. 
Low withdrawal rate is preferable, because neck-in tends to take place on the 
sheet, making it excessively stretchable. 
[0023] 

The gel -like article is then stretched, as required, by an ordinary method, 
such as a tenter, roll, calender method or a combination thereof at a given 
stretching ratio. It may be monoaxial or biaxial. In the case of biaxial 
stretching, the gel-like article may be stretched in the longitudinal and 
transverse directions simultaneously or sequentially. The simultaneous 
stretching is more preferable. 

The stretching temperature should be in a range from the polyolefin 
crystal dispersion temperature to 10 °C above the crystal melting point, 
preferably in a range from the crystal dispersion temperature to the crystal 
melting point. For a polyethylene composition containing an ultra-high- 
molecular-weight polyethylene, for example, it is preferably in a range from 90 
to 140°C, more preferably from 100 to 130°C. If the stretching temperature is 
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higher than the melting point plus 10 °C , the molecular orientation by 
stretching does not take place because the resin melts. If the stretching 
temperature is lower than the crystal dispersion temperature, on the other 
hand, the resin is softened insufficiently, with the result that the membrane 
tends to break and stretching ratio cannot be well controlled. 

The crystal dispersion temperature is the temperature level determined 
by measuring the temperature characteristics of the dynamic viscoelasticity, in 
accordance with ASTM D4065, and melting point is the peak temperature 
observed by a DSC, in accordance with JIS K7121 (the same in the following 
pages). 

The stretching ratio is not limited, but preferably 2 to 400 times as areal 
stretching ratio, more preferably 15 to 400. 
[0024] 

The article, stretched or not stretched, is then washed with a solvent to 
remove the residual solvent. Solvents used for this solvent-removing 
treatment may be volatile ones, including hydrocarbons such as pentane, 
hexane and heptane; chlorinated hydrocarbons such as methylene chloride and 
carbon tetrachloride; fluorinated hydrocarbons such as trifluoroethane; and 
ethers such as diethyl ether and dioxane. These volatile solvents may be used 
individually or in combination, and their selection depends on the types of the 
nonvolatile solvents used to dissolve the polyolefin composition. Washing 
methods with the solvents include an extraction method with solvent, a method 
of spraying solvent or a combination thereof. 

The washing of the thermally set article with a solvent should be 
performed to such an extent that the content of the residual solvent is less than 
1 weight %. The article is finally dried to remove the washing solvent by a 
heating method, an air-drying method, etc. 
[0025] 

(2) Step of treatment with hot solvent 

The microporous polyolefin membrane of the present invention having a 
novel structure can be produced by incorporating a step of treatment with hot 
solvent. 
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This step of treatment with hot solvent may be incorporated before or 
after the above-described solvent removal step. The formed article may be 
treated either directly or indirectly, wherein it is directly brought into contact 
with the hot solvent in the former, and heated after being brought into contact 
with the solvent in the latter (they are hereinafter referred to as the direct and 
indirect method, respectively). In other words, any method can be adopted, so 
long as the formed article can be brought into contact with the hot solvent in 
any stage. 

Those falling into the category of direct method include dipping the 
article in the hot solvent, spraying the hot solvent onto the article, and 
spreading the hot solvent over the article. Of these, the dipping method is 
more preferable because it can treat the article more uniformly. Those falling 
into the category of indirect method include dipping the article in the solvent, 
spraying the solvent onto the article, and spreading the solvent over the article, 
the article thus treated being further treated with the hot solvent by hot rolling, 
heating in an oven or dipping in the hot solvent. 
[0026] 

The solvent temperature is from the crystal dispersion temperature to 
melting point plus 10°C of the (A) polyolefin or (B) polyolefin composition or 
more, but at melting point of the (A) polyolefin or (B) polyolefin composition. 
When the polyolefin is a polyethylene, it is preferably 110 to 130°C, more 
preferably 115 to 125°C. At below the crystal dispersion temperature, the 
effects of treatment with the hot solvent and improving permeability are little 
expected. At above the melting point plus 10°C, on the other hand, the 
undesirable effects may result, to cause rapid loss of strength or breaking of 
the microporous membrane. 

The treatment time is preferably 0.1 seconds to 10 minutes, more 
preferably 5 seconds to 1 minute. When treatment time is less than 0.1 
seconds, the effects of treatment with the hot solvent and improving 
permeability are little expected. When it exceeds 10 minutes, on the other 
hand, the undesirable effects may result, to cause rapid loss of strength or 
breaking of the microporous membrane. 
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The solvent useful for the above treatment may be the same as or 
different from the one used for producing the above -de scribed polyolefin 
solution. One of the most desirable solvents is liquid paraffin. 
[0027] 

The microporous polyolefin membrane produced by the above-described 
procedure is a highly permeable membrane, having a permeability of 5 to 
250sec/100cc, overall porosity of 35 to 95%, and average pore size of 0.05 to 
SOpm at least in the vicinity of one of the surfaces. 

The resulting microporous polyolefin membrane is, if necessary, subjected 
to a hydrophilic treatment by plasma irradiation, impregnation with a surface 
active agent, surface grafting, etc. 
[0028] 

[Examples] 

The present invention is described in more detail by the following 
preferred embodiments, which by no means limit the present invention. The 
properties cited in the preferred embodiments were determined by the 
following test methods- 

(1) Weight-average molecular weight and molecular weight distribution- 
Determined by gel permeation chromatography (GPC), with GPC analyzer 
(Waters), column (Tosoh's GMH-6) and o-dichlorobenzene as the solvent, 
operated at 135°C and flow rate of 1.0 ml/minute. 

(2) Membrane thickness- Determined by a tracer type thickness meter 
(Mitsutoyo Litematic). 

(3) Air permeability- Measured according to JIS P8117. 

(4) Porosity- Determined by the weight method. 

(5) Tensile strength: Breaking strength of the 10mm wide specimen strip was 
determined according to ASTM D822. 

(6) Average pore size: Determined by measuring sizes of 100 pores, selected 
from the transmission electron microgram of the porous membrane section, to 
find the average. 

[0029] 

EXAMPLE 1 
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A polyethylene composition having an Mw/Mn ratio of 14, composed of 20 
weight % of an ultra-high-molecular-weight polyethylene (UHMWPE) having a 
weight-average molecular weight of 2.5 x 10 6 and 80 weight % of a high-density 
polyethylene (HDPE) having a weight-average molecular weight of 3.0 x 10 5 
was incorporated with 0.08 weight parts of a phenol-based antioxidant and 0.08 
weight parts of phosphorus-based antioxidant, all based on 100 weight parts of 
the polyethylene composition, to prepare a polyethylene composition. Twenty 
(20) weight parts of the polyethylene composition was fed to a biaxial extruder 
(58mm in diameter, L/D ratio = 42, high kneading type segment), and 80 
weight parts of liquid paraffin was also fed to the biaxial extruder from the 
side feeder, to prepare a polyethylene solution in the extruder by melting the 
polyethylene composition and kneading it with the liquid paraffin at 200°C and 
200rpm. The resulting solution was extruded from the T-die attached at the 
extruder end at 190°C, and taken up by a cooling roll with a die-roll space of 
20mm, to prepare a gel-like sheet. The sheet was then biaxially stretched at 
115°C at an areal stretching ratio of 5 by 5, to prepare the stretched sheet. 
The resulting stretched membrane was washed with an excessive quantity of 
hexane to remove the residual liquid paraffin, and dried and heat-treated to 
prepare a microporous polyethylene membrane. 

The resulting membrane was set on a lOcm-square metallic frame, 
dipped in a liquid paraffin bath kept at 120°C for 5 seconds, dipped in an 
excessive quantity of hexane bath to wash out the liquid paraffin, and dried at 
room temperature and then in an air oven at 115°C for 2 minutes. The 
microporous polyolefin membrane thus prepared had a thickness of 32pm, 
porosity of 67%, permeability of 65 seconds and tensile strength of 700kgf7cm 2 . 
The membrane section had the structure similar to that shown in Figure 1 
which presents the electron transmission microgram, and an average pore size 
of 8.2pm in the vicinity of the one surface, 0.5pm in the vicinity of the other 
surface, and 0.12pm at near the center. The results are given in Table 1. 
[0030] 

EXAMPLE 2 

A polyethylene composition having an Mw/Mn ratio of 14, composed of 20 
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weight % of an ultra-high-molecular-weight polyethylene (UHMWPE) having a 
weight-average molecular weight of 2.5 x 10 6 and 80 weight % of a high-density 
polyethylene (HDPE) having a weight-average molecular weight of 3.0 x 10 5 
was incorporated with 0.08 weight parts of a phenol-based antioxidant and 0.08 
weight parts of phosphorus-based antioxidant, all based on 100 weight parts of 
the polyethylene composition, to prepare a polyethylene composition. Twenty 
(20) weight parts of the polyethylene composition was fed to a biaxial extruder 
(58mm in diameter, L/D ratio = 42, high kneading type segment), and 80 
weight parts of liquid paraffin was also fed to the biaxial extruder from the 
side feeder, to prepare a polyethylene solution in the extruder by melting the 
polyethylene composition and kneading it with the liquid paraffin at 200°C and 
200rpm. The resulting solution was extruded from the T-die attached at the 
extruder end at 190°C, and taken up by a cooling roll with a die-roll space of 
20mm, to prepare a gel-like sheet. The sheet was then biaxially stretched at 
115°C at an areal stretching ratio of 5 by 5, to prepare the stretched sheet. 
The resulting stretched membrane was washed with an excessive quantity of 
hexane to remove the residual liquid paraffin, and dried and heat-treated to 
prepare a microporous polyethylene membrane. The resulting membrane was 
set on a lOcm-square metallic frame, dipped in a liquid paraffin bath kept at 
118°C for 10 seconds, dipped in an excessive quantity of hexane bath to wash 
out the liquid paraffin, and dried at room temperature and then in an air oven 
at 115°C for 2 minutes. The microporous polyolefin membrane thus prepared 
had a thickness of 30pm, porosity of 58%, permeability of 200 seconds and 
tensile strength of 650kgf7cm 2 . The membrane section had the structure 
similar to that shown in Figure 1 which presents the electron transmission 
microgram, and an average pore size smaller at the membrane center than in 
the vicinity of the surface. The results are given in Table 1. 
[0031] 

COMPARATIVE EXAMPLE 1 

A microporous membrane was prepared in the same manner as in 
EXAMPLE 1 except that it was not treated with the hot solvent. The 
properties of the membrane are shown in Table 1. The microporous 
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membrane surface and section had the structures similar to that shown in 
Figure 2 which presents the electron transmission microgram, with uniform 
pore size throughout the membrane. 
[0032] 

COMPARATIVE EXAMPLE 2 

The properties of a commercial microporous membrane, manufactured by 
Celgard, are shown in Table 1. The microporous membrane surface and 
section, observed by a scanning electron microscope and transmission electron 
microscope, respectively, had the structures with uniform pore size throughout 
the membrane. 
[0033] 
[Table l] 
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[0034] 

[Effects of the Invention] 

As described in detail, the microporous polyolefin membrane of the 
present invention is a highly permeable microporous membrane having a novel 
structure with the pore size decreasing in the thickness direction. This 
structure makes the membrane suitable for various devices, e.g., battery 
separators and liquid filters. 
[BRIEF DESCRIPTION OF THE DRAWING] 
[Figure l] 

Figure 1 presents the transmission electron microgram (magnification^ 
2,500) which shows the sectional structure of the microporous polyolefin 
membrane. 
[Figure 2] 

Figure 2 presents the transmission electron microgram (magnification: 
2,500) which shows the sectional structure of the microporous polyolefin 
membrane having pores of uniform size throughout the body of the membrane, 
corresponding to the one prepared in a COMPARATIVE EXAMPLE. 
[Description of Reference Numerals] 

1. Surface of the microporous membrane 

2. 2'. Layer of larger pores 

3. Layer of smaller pores 
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[Document Name] 
[Figure l] 



Drawings 




1. Surface of the 

microporous membrane 



— 2\ Layer of 

larger pores 



— 3. Layer of 

smaller pores 



— 2. Layer of 

larger pores 



1. Surface of the 

microporous membrane 



BEST AVAILABLE COKY 



Patent application number H10294641 



2/ 




BEST AVAILABLE COPY 



Patent application number H10-294641 



1/ 



[Document Name] Abstract 

[Abstract] 

[Object] 

It is an object of the present invention to provide a microporous polyolefin 
membrane of high permeability and novel structure. 
[Means to Solve the Problem] 

The present invention provides a microporous polyolefin membrane 
composed of (A) a polyolefin having a weight-average molecular weight of 5 x 
10 5 or more or (B) a composition containing this polyolefin, wherein its average 
pore size is gradually decreases from at least one membrane surface towards 
its center. 

[Selected Drawing] Figure 1 



